The present study focused on evaluation of induction, maintenance and emergence of inhaled anesthesia and comparison of these anesthetic times for isoflurane and sevoflurane. The biological material consisted of 12 Wistar rats divided into 2 groups, each containing a number of 6 rats. One group was anesthetized with isoflurane and the other with sevoflurane. We monitorized the rats during all stages of anesthesia, observing how the induction established, the state of the rats throughout the anestesia and the moment of the first recovery signs, the moment the rats became active as well as the moment of full recovery from anesthesia. Both isoflurane and sevoflurane rapidly induced the anesthesia, without excitation signs and the emergence was significantly faster in sevoflurane group in comparison to the isoflurane group, being accompanied by horripilation in both anesthetics.
INTRODUCTION
There is a permanent concern in utilizing less and less invasive surgical techniques, accompanied, as much as possible, by a more rapid recovery from anesthesia.
For most of the anesthetics, especially for the inhaled ones, the recovery time and the manner it unfolds are of major importance. Introduction of less soluble inhaled anesthetics decreased the emergence time.
Beside the fast recovery from anesthesia, the side effects that can emerge under the action of anesthetics are particularly important. Among the minor side effects which can appear after inhaled anesthetics we mention: emesis, vomiturition, dizziness, drowsiness, headaches, shakiness or cough, some of them being difficult to quantify in animals.
Most of the studies in specialty literature are centred on clinical aspects encountered in inhaled anesthesia in humans (Elcock and Sweeney, 2002; Huddy, 2010; Jindal et al., 2011) , while studies on animals are limited. Inhaled anesthetics were avoided for a long time in anesthesia induction because of their pungent odour.
The recovery times reported in human patients are shorter after sevoflurane utilization, in comparison to isoflurane, but there are inconsistencies between the reported results. Some authors claim they did not observe any difference between the two anesthetic agents (Quinn et al., 1994) , while others stated that the recovery was faster after isoflurane anesthesia in comparison to sevoflurane (Chiu et al., 2000) .
In order to assess the clinical aspects that accompany anesthesia with inhalation substances, we observed 6 animals anesthetized with isoflurane and 6 with sevoflurane, subsequently comparing the registered times, from a statistically point of view.
The proposed objectives were observation of induction, maintenance and emergence after inhaled 
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Anesthesia in Rat
MATERIAL AND METHODS
The biologic material was represented by 12 Wistar female rats, 6 weeks old, who came from the biobase of University of Medicine and Pharmacy "Iuliu Hațieganu", in Cluj-Napoca.
The experimental protocol was approved by the Bioethics Committee of University of Agricul tural Sciences and Veterinary Medicine in Cluj-Napoca and took place in Department of Anesthesiology and Surgical Propedeutics and the animals were brought to UASVM's biobase one week prior to the initiation of anesthesia.
Animals were divided in 2 groups: one anesthetized with isoflurane (n=6) and the other with sevoflurane (n=6). In order to attain a uniform anesthesia, we maintained a concentration of 1.5% anesthetic and 1l O 2 /minute, for 2 hours long in the case of isoflurane, 2% anesthetic and 1l O 2 /minute, for 2 hours long for sevoflurane, respectively. Based on the the data in the specialty literature, at these doses, we obtain a minimum alveolar concentration (MAC) of approximately 1 for both isoflurane (Mazze et al., 1985) and sevoflurane (Tamada et al., 1986) .
After the anesthesia, we registered the moment when the first signs of recovery appeared, the moment when the rats became active, as well as the moment of full recovery from anesthesia.
In order to register the moment of the first recovery signs, we measured the time immediately after closing of the vaporizer until the movement of the limbs, lips, whiskers, opening of the palpebral fissure etc.
The moment when the rats were catalogued as active was when they presented the redress reflex (attempt to attain a patruped position) for the first time, and in order to register the time passed until the complete recovery from anesthesia, we recorded the moment when the rats adopted a patruped position, were alert (dynamic) and started grooming and cleaning themselves.
For the statistical analysis we used the GraphPad Software, where we applied the Student's t-test.
RESULTS AND DISCUSSIONS
Induction of isoflurane and sevoflurane anesthesia took place without excitation signs. Rats did not present apnea or cough upon inhalation of anesthetics, and the anesthesia installed in 1-2 minutes after airtightening the induction chamber and starting the vaporizer.
Throughout the whole sevoflurane anesthesia, a rat presented disquiet signs with short periods of calmness.
The recovery times from isoflurane and sevoflurane anesthesia are presented in Tab. 1. and Tab. 2., respectively. The average times registered for the first recovery signs of the animals were 6 ± 2.1 minutes in the case of isoflurane and 3.5 ± 1.8 minutes for sevoflurane. Recovery of the animals took place 8.5 ± 2.2 minutes after closing the vaporizer in the case of isoflurane and 5.6 ± 2.4 minutes for sevoflurane, and the average time to full recovery was 12 ± 3 minutes for isoflurane and 7.8 ± 3 minutes in rats anesthetized with sevoflurane.
Standard deviations of the recovery times after isoflurane and sevoflurane anesthesia are presented in Tab. 3. Upon statistical analysis we compared the obtained values for the first recovery signs, activity and full recovery of rats anethetized with isoflurane with the ones from rats from sevoflurane group.
The difference between the registered times in the two groups was not statistically significant in the case of first recovery signs or activity of the animals, but was statistically significant in the case of full recovery (p<0.05). Thus, the emergence from anesthesia was faster after sevoflurane administration in comparison to isoflurane.
Recovery from anesthesia took place gradually, witouth excitation signs. No animals presented clinical signs that would suggest irritation of the respiratory airways (cough, nasal discharges) after anesthesia. On the other hand, most of the rats presented horripilation during recovery.
In the specialty literature there are studies concerning the time and aspects of recovery from anesthesia, but most of them were retrospective and carried out on human subjects. There are studies that also focused on animals, the recovery times being important because a lot of clinics do not possess spaces for accommodating the patients after inverventions, the owners being obligated to take the animal home as soon as possible. In these cases, the necessary emegence time from an anesthesia has a major importance. Also, the aspects that accompany the recovery from anesthesia are important because an excitation state cand lead to certain complications (e.g. wound dehiscence).
In studies carried out on dogs, the researchers compared the time and characteristics of recovery from anesthesia after administration of various inhaled agents: sevoflurane, isoflurane and halothane. Dogs recovered calmly, without excitation signs after sevoflurane anesthesia and were able to stand up 10 minutes earlier in comparison to those anesthetized with isoflurane and 85 minutes earlier in comparison to the ones in which halothane was utilized (Taske et al., 1998) . The situation reported by these authors resembles the one we encountered in our study carried out on rats: faster recovery after sevoflurane anesthesia in comparison to isoflurane and the absence of excitation in the case of both anesthetics. This situation is justified regarding the fact that sevoflurane has a lower blood-gas partition coefficient than isoflurane.
Other studies concentrated on the frequency and severity of cough upon recovery from isoflurane anesthesia and the influence smoking has on coughing extent and respiratory function (Eun and Bishop, 1998) . From a total of 68 human patients, 52 coughed during emergence from isoflurane anesthesia. Cough incidence was the same in smokers in comparison to non-smokers. Most of the patients cough when recovering from general anesthesia attained with and endotracheal tube.
Smooth recovery from anesthesia is desirable because cough can become a problem after ocular and neurosurgical interventions. suture. In our study, rats did not present cough when recovering from anesthesia, but the animals were not intubated. Obviously, in animals we can not talk about smoking, although researches tracked down changes in the respiratory tract of pets with smoking owners (Cătoi, 2006) . Comparative studies were also carried out, concerning the inhalatory induction with sevoflurane and the intravenous one with propofol. For a long time, clinicians avoided inhalatory induction, fearing the potential excitation and respiratory simptoms induced by the pungent smell of available volatile anesthetics. Nevertheless, sevoflurane has certain advantages: less pungent that isoflurane, lower blood-gas solubility, which make it a better candidate for anesthesia induction. Upon comparison of inhalational anesthesia with sevoflurane to intravenous one with propofol, results have shown that there are differences between recovery times after the two types of anesthesia (Beverly et al., 1999) .
Other studies concentrated on postoperative recovery and complications after propofol, isoflurane, sevoflurane and desflurane anesthesia. There were no noticeable differences between the recovery from propofol and isoflurane anesthesias. However, in humans, recovery was faster after sevoflurane in comparison to isoflurane. A minor difference was encountered in the full recovery time after sevoflurane and isoflurane (5 minutes), but not in the case of other anesthetics. Also, in our study, rats recovered approximately 4 minutes earlier after sevoflurane anesthesia in comparison to isoflurane. The recovery times presented small differences, but were in the favor of sevoflurane. Patients anesthetized with isoflurane presented a significantly more frequent postoperative drowsiness in comparison to sevoflurane, but there were no other significant differences regarding the postoperative complications (Gupta et al., 2004) . In rats, we did not observe drowsiness, moreover, they started grooming themselves immediately after full recovery from anesthesia. Other articles contain information on the emergence times after sevoflurane and isoflurane anesthesia, and mention that sevoflurane would have an advantage in comparison to isoflurane from this point of view and also that it has less of an influence on cardiac function (Frink et al., 1992) . The study of TerRiet et al. (2000) concentrated on the irritability of anesthetic agents, their results suggesting that sevoflurane has a smaller irritability degree than isoflurane (p<0.05) at a 2 CAM concentration.
Some others mention that the recovery time from sevoflurane anesthesia is 7.5 ± 0.5 minutes, as for isoflurane 18.6 ± 2.0 minutes (Frink et al., 1992) , while others report 7 minutes in the case of sevoflurane and 11.5 minutes for isoflurane (Wiesner et al., 1994) . Although the reported results are from human patients, they are not very different from what we registered for rats anesthetized with sevoflurane and isoflurane (7.8 ± 3 minutes for sevoflurane and 12 ± 3 minutes for isoflurane until full recovery of animals).
Recovery from anesthesia was faster after sevoflurane anesthesia in comparison to isoflu rane in the study carried out by Smith et al. (1992) in humans. Thus, the recovery time after isoflurane anesthesia was 6.7 ± 2.2 minutes, while after sevoflurane it was 4.0 ± 2.0 minutes. The registered time was significantly longer after isoflurane, similar to what we observed in our study.
Other authors also report that there are signifi cant differences between the recovery times after isoflurane and sevoflurane anesthesia, in the favor of sevoflurane (Robinson et al., 1999) . As we mentioned, this is logical, given the fact that sevoflurane presents a lower blood-gas partition coefficient.
The recovery times after anesthesia were mostly registered in human patients, less in animals, but most of them show that recovery is faster after sevoflurane anesthesia than the one with isoflurane, also sustained by the fact that sevoflurane has a lower solubility in blood. There are studies that sustain that recovery was faster after isoflurane (time to opening the palpebral fissure: 6.8 ± 2.2 minutes isoflurane and 10.7 ± 4.4 minutes sevoflurane) (Chiu et al., 2000) and studies in which authors did not observe any difference between the recovery times after isoflurane and sevoflurane anesthesia (Quinn et al., 1994) .
There are authors who affirm that recovery from anesthesia is faster in the case of women in comparison to men, stating that is uncertain if this fact is due to sex or differences in the administration of anesthetics or type of surgery. However, the authors write that this might be due to the different quantity of administered anesthetic (smaller doses in women), but in spite of administering similar doses, it seems like women are actually less susceptible to the hypnotic effect of anesthetics than men. Although the study was carried out on humans, same mechanisms could also be involved in the emergence from anesthesia in animals. The authors write that the differences between the recovery times from anesthesia are more pronounced in younger patients, which suggests a hormonal influence. It was shown that progesterone increases the potency of inhalational anesthetics and induces sleep in humans and probably in animals as well (Buchanan et al., 2006) . Our study only included female rats, thus we can not say if sex had any influence on the recovery times from anesthesia, but the fact that they were short is a certainty.
The rapid recovery from anesthesia is also desirable when performing field interventions and also in wild animals. The two anesthetics were even successfully used in exotic animals. In other authors' opinion, isoflurane was not sufficiently assessed in wild animals. It appears like the duration of induction and emergence from anesthesia depend on the season in the case of squirrels, when anesthesia is performed in the field. This fact was not noticed in Allegheny woodrats, the recovery times being similar in summer, as well as winter (Parker et al., 2008) .
Induction of sevoflurane anesthesia with a mask was faster and had a better quality than the one with isoflurane in adult dogs in the study carried out by Johnson and et al. (1998) . Sevoflurane is better tolerated during mask induction because it is less pungent and has a decreased irritability. Sevoflurane is less potent than isoflurane, thus the vaporizer has to be set on a higher concentration than isoflurane. Although the quantity of sevoflurane metabolized by the liver is slightly larger than in the case of isoflurane, the metabolic rate is similar for the two anesthetics because of sevoflurane's insolubility (hence its rapid elimination).
The low solubility of sevoflurane in blood (0.69) suggests that recovery from anesthesia should be faster than the one from isoflurane (1.4). The prediction proved to be valid in a rat study. Recovery of the muscle coordination after anesthesia with 1.2 MAC for 2 hours long required 14.2 ± 8.1 minutes for sevoflurane, 23.4 ± 7.6 minutes for isoflurane (Eger et al., 1987) . We anesthetized the rats for 2 hours long and the full recovery, including muscle coordination took place faster: 7.8 ± 3 minutes for sevoflurane and 12 ± 3 minutes for isoflurane, which is justified, given the fact that we administered 1 MAC in the case of both anesthetics. Our recorded times are approximately half of the ones reported in the study carried out by Eger et al. (1987) .
Our study included 6 animals/group because of the capacity of the induction box, but for stronger statistical analysis results, it would be reccommended to use larger anesthesia chambers. Further studies which monitor other parameters such as: heart rate, repiration rate etc. in animals are necessary, since in humans it seems that sevoflurane induces a higher incidence of complications (Elcock and Sweeney, 2002) . Also, studies assessing the clinical aspects of inhaled anesthesia on rats with different ages could reveal differences among younger and older subjects. Studies conducted in humans mention that young subjects display agitation upon emergence after sevoflurane and desflurane anesthesia (Huddy, 2010) .
CONCLUSIONS
Induction of anesthesia with isoflurane and sevoflurane in rats was rapid, without excitation signs. Recovery from anesthesia took place faster after sevoflurane administration in comparison to isoflurane, being accompanied by horripilation in the case of both anesthetics taken into study.
